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Unit |
Nanotechnology

1. Try to guess the meaning of the following international words.
Look at these words again. Are they nouns (n), verbs (v) or ad-
jectives (adj):

Nanotechnology, control, atomic, molecular, structure, nanometer,
material, nanomaterial, synthesis, physical, chemical, optical, ingre-
dient, experiment, debate, economics, engineer, medicine, magnitude,
electronics, energy, technology, equivalent.

2.  Practice the following words:

Atom ['etom], synthesis ['sinfisis], nanometers [nanou'mi:to],
chemical ['kemikol], catalyst ['katslist], nanostructure [nanou'strAkt/a],
toxicity [ta:k'sisoti].

3. Read and memorize the following words:
nanotechnology — HaHOTEXHOJIOTHS
dimension — u3smepenue
nanometer — MUUTUMUKPOH
interaction — B3anmozeiicTBHe
catalyst — xkatanmuzaTop
molecule — mosteky:a
atom — atom
layer - croi
solid — TBepoe Teno
scale — ypoBeHn
to deal with — umers neno ¢
diverse — pa3HooOpa3HEbIit
extension — pacrpenue
range —crekTp
toXicity — TOKCHYHOCTB
speculation — npeamnooxeHue



to warrant — rapanTupoBaTh
effect - neiicTBue

4. Read and translate the text.
Nanotechnology

Nanotechnology, shortened to “nanotech”, is the study of the con-
trolling of matter on an atomic and molecular scale. Nanotechnology
deals with structures of the size 100 nanometers or smaller in at least
one dimension, and involves developing materials or devices within that
size. Nanostructures are assembled a single atom, molecule, or atomic
layer at a time, as part of a vast new field of research in nanomaterials
synthesis and assembly.

Generally, structures smaller than a nanometer tend to behave
much like individual atoms, while materials that are hundreds of nano-
meters or greater in size exhibit properties of the continuum. Nanoscale
properties and behaviors can be quite different as the result of unique
physical and chemical interactions. The preponderance of surfaces and
interfaces, and the physical confinement of matter and energy, can alter
nearly all properties of materials (physical, chemical, optical, etc.), and
thus produce extraordinary new behaviors. Examples include generating
light from dark materials, improving efficiencies of catalysts by orders
of magnitude, and turning soft and ductile materials like gold into solids
with hardness equivalent to bearing steel.

The final ingredient to nanotechnology is the ability to character-
ize and predict nanoscale properties and behavior. New experimental
tools that are able to “see”, “touch”, and measure the behavior of indi-
vidual nanostructures allow scientists and engineers to identify subtle
differences in structure and properties that control nanoscale properties.
By coupling new experimental techniques with advanced computational
tools, researchers can develop, verify, and refine models and simula-
tions that will allow the full potential for nanotechnology to be ex-
plored.

There has been much debate on the future implications of nano-
technology. Nanotechnology has the potential to create many new mate-
rials and devices with a vast range of applications, such as in medicine,



electronics and energy production. On the other hand, nanotechnology
raises many of the same issues as with any introduction of new technol-
ogy, including concerns about the toxicity and environmental impact of
nanomaterials, and their potential effects on global economics, as well
as speculation about various doomsday scenarios. These concerns have
led to a debate among advocacy groups and governments on whether
special regulation of nanotechnology is warranted.

5. Compare two columns of words and find Russian equiva-
lents (from the right column) to the following English words (from

the left one):

1. Ha aToMHOM U MOJIEKY-
JIIPHOM YpOBHE

2. UMEThb JICJIO CO CTPYKTY-
pamu pazmepoM B 100 MAIITUMUK-
POHOB

3. KaK pe3yJibTaT XUMHU4e-
CKOIr'0 ¥ (pU3HUECKOTO B3aUMO/IEH-
CTBUSI

4. U3BMEHSITh XUMUYECKHUE U
¢u3nUecKre CBOMCTBAa MaTEPHAJIOB

5. yayudmath 3QPEKTUBHOCTh
KaTaJIM3aTOPOB

6. BbIpabaThIBaTh CBET

7. IpeBpalaTh MIacTUYHBIC
MaTepuasbl B TBEPAbIC

8. uccnenoBaTh BECh OTECH-
[[Majg HAaHOTEXHOJIOTUU

9. XapakTepu30BaTh U NpPea-
CKa3bIBaTh CBOMCTBA HAHOCTPYK-
Typ

10. nercTBue HaHOMATEPHUA-
JIOB Ha TJIO0ATBHYIO0 SKOHOMUKY

11. mmpoKuii COEKTp MpUMe-
HEHUS HAHOMaTEePHUaJIOB

12. 6eciokoicTBa 10 TTIOBOTY

a) to improve efficiencies of
catalysts

b) as the result of physical
and chemical interaction

) on an atomic and molecu-
lar scale

d) to deal with structures of
the size 100 nanometers

e) to alter physical and chem-
ical properties of materials

f) to characterize and predict
properties of nanostructures

g) to generate light

h)to turn ductile materials in-
to solids

1) effects of nanomaterials on
global economics

J) to explore the full potential
of nanotechnology

k) concerns about the toxicity
of nanomaterials

l)a vast range of applications



TOKCUYHOCTH HAHOMATCPHUAJIOB
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of nanomater

6. Use the noun suffixes to convert verbs into nouns:

To regulate

- Tion, sion

Regulation

To exhibit

to develop

to interact

to predict

to create

to produce

to introduce

to speculate

to govern

-ment

government

to develop

to confine

to measure

7. Look through the text again and discuss with your group mates
whether the following statements are true or false:

1) Nanotechnology is creating an entirely new class of materials
and devices with unigue and potentially very useful properties.

2) The physical dimensions of nanotechnology are small, spanning

from just a few to tens of nanometers.
3) Nanotechnology is very diverse, ranging from extensions of

conventional device physics to completely new approaches based upon
molecular self-assembly, from developing new materials with dimen-
sions on the nanoscale to investigating whether we can directly control
matter on the atomic scale.

4) Nowadays current interest in nanotechnology is not high.
5) The field of nanotechnology is developing slowly as are its

practical application.

6) Unique nanoscale properties are already being used to increase

energy efficiency and improve healthcare.

8.Answer the questions to the text:
1)  What is nanotechnology?
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2)  What does nanotechnology deal with?

3) Which properties do materials hundreds of nanometers in
size exhibit?

4)  What is the final ingredient to nanotechnology?

5) What is the application of nanotechnology?

Unit 11
The history of nanotechnology

1. Try to guess the meaning of the following international
words. Are they nouns (n), verbs (v) or adjectives (adj):
Era, phenomena, gravity, start, microscope, carbon, quantum,
nanocrystal, metal, oxide, magnitude, concept.

2. Practice the following words:
Microscope ['maikroskoup], oxide ['a:ksaid], gravity ['greviti],
quantum ['kwa:ntom], carbon ['ka:bon].

3. Read and memorize the following words:
individual atoms — oMHOYHBIE ATOMBI
semiconductor — moTynpoBoTHHK

fullerenes — dhymnepensr

nanoparticles — HaHOYaCTHIIBI

oxide — okuch

van der Vaals attraction — Bau-aep BaaibcoBbI CHITBI
gravity — cuna TsokecTH

carbon nanotubes — yriiepoabie HaHOTPYOKH
magnitude — penmmuuHa

nanocrystals - HaHOKpHCTAILTBI

4. Read and translate the text:

The history of nanotechnology
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The first use of the concepts found in 'nano-technology' (but pre-
dating use of that name) was in "There’s Plenty of Room at the Bot-
tom,” a talk given by physicist Richard Feynman at an American Physi-
cal Society meeting at Caltech on December 29, 1959. Feynman de-
scribed a process by which the ability to manipulate individual atoms
and molecules might be developed, using one set of precise tools to
build and operate another proportionally smaller set, and so on down to
the needed scale. In the course of this, he noted, scaling issues would
arise from the changing magnitude of various physical phenomena:
gravity would become less important, surface tension and van der Waals
attraction would become increasingly more significant, etc. This basic
idea appeared plausible, and exponential assembly enhances it with par-
allelism to produce a useful quantity of end products. The term "nano-
technology" was defined by Tokyo Science University Professor Norio
Taniguchi in a 1974 paper as follows: "Nano-technology' mainly con-
sists of the processing of, separation, consolidation, and deformation of
materials by one atom or by one molecule.” In the 1980s the basic idea
of this definition was explored in much more depth by Dr. K. Eric Drex-
ler, who promoted the technological significance of nano-scale pheno-
mena and devices through speeches and the books Engines of Creation:
The Coming Era of Nanotechnology (1986) and Nanosystems: Molecu-
lar Machinery, Manufacturing, and Computation, and so the term ac-
quired its current sense. Engines of Creation: The Coming Era of Nano-
technology is considered the first book on the topic of nanotechnology.
Nanotechnology and nanoscience got started in the early 1980s with two
major developments; the birth of cluster science and the invention of the
scanning tunneling microscope (STM). This development led to the dis-
covery of fullerenes in 1985 and carbon nanotubes a few years later. In
another development, the synthesis and properties of semiconductor na-
nocrystals was studied; this led to a fast increasing number of metal and
metal oxide nanoparticles and quantum dots. The atomic force micro-
scope (AFM or SFM) was invented six years after the STM was in-
vented. In 2000, the United States National Nanotechnology Initiative
was founded to coordinate Federal nanotechnology research and devel-
opment and is evaluated by the President's Council of Advisors on
Science and Technology.
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5. Search the text for the English equivalents of the following

Russian phrases:

OnpenensiTb TEPMUH «HAHOTEXHOJIOTHS»; Mpoliecc aedopMariuu u
pa3JIelICHUs] MAaTEPUAJIOB aTOMOM HWJIA MOJIEKYJIOW; IMPUBECTU K OTKPHI-
THUIO (YJUIEPEHOB; YBEIMUYCHUE KOJIUYECTBA METAILJIOB; YIIPABJISITH O/IU-
HOYHBIMHU aTOMaMU; KOOPJUHUPOBATh HAHOTEXHOJIOTUYECKUE HUCCIIENI0-
BaHMS, OTMEUATh TEXHOJIOTUUYECKYI0 3HAUYMMOCTh HAHOMPHUOOPOB, TEX-
HOJIOTMYECKAsl 3HAYUMOCTh SIBJICHUM B HAHOPA3MEPHOM Cpele, CKaHU-
pytomuii TyHHeIbHbI Mukpockon (CTM), KBaHTOBbIE TOYKH, aTOMHO-
cusioBor Mukpockon (ACM).

6. Discuss with your group mates whether the following state-

ments are true or false:

1)  The term ‘nanotechnology’ was first defined by physicist Ri-
chard Feynman in the USA.

2)  The term ‘nanotechnology’ acquired its current sense in the
1980s.

3) The birth of cluster science and the invention of the scanning
tunneling microscope prompted the start of nanoscience.

4)  The study of the synthesis and properties of semiconductor
nanocrystal led to the discovery of fullerenes and carbon nanotubes.

5) The canning tunneling microscope was invented six years
earlier than the atomic force microscope.

7. Convert nouns into adjectives:

Technology - al technological
experiment
environment

nation

energy -tic Energetic

8. Answer the questions to the text:

1)  What did Richard Feynman describe at an American Physi-
cal Society on December 29, 19597

2) How was the term ‘nonotechnology’ defined by Professor
Norio Taniguchi in 19747
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3) When did the term ‘nonotechnology’ acquire its current
sense?
4)  Which book is considered to be the first on the topic of nano-
technology?
Unit

Fundamental concepts of nanotechnology

1. Try to guess the meaning of the following international
words. Are they nouns (n), verbs (v) or adjectives (adj):
Mycoplasma, carbon, diameter, bacteria, nanoelectronics,
nanomechanics, nanophotonics.

2. Practice the following words:
Cellular ['seljala], bacteria [bak'tioria], scenario [si'na:riou], di-
ameter [dai'@mito].

3. Read and memorize the following words:
DNA — JIHK

cellular — xirerounbIi

double-helix — gBoitHas BUHTOBAs CIIUpab
Mycoplasma — mukormiasma

top-down — cBepxy BHH3

bottom-up — cau3y BBEpX

genus — pox

bacteria — 6akTepus

outcome — pe3yJsibTat

approach — moaxon

entities — 00bEKTHI

to evolve — pa3BuBath

carbon-carbon bond — yriepon-yriepoaHas CBsI3b

4. Read and translate the text.

Fundamental concepts of nanotechnology

10
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One nanometer (nm) is one billionth, or 10~°, of a meter. By com-
parison, typical carbon-carbon bond lengths, or the spacing between
these atoms in a molecule, are in the range 0.12-0.15 nm, and a DNA
double-helix has a diameter around 2 nm. On the other hand, the smal-
lest cellular life-forms, the bacteria of the genus Mycoplasma, are
around 200 nm in length. To put that scale in another context, the com-
parative size of a nanometer to a meter is the same as that of a marble to
the size of the earth. Or another way of putting it: a nanometer is the
amount a man's beard grows in the time it takes him to raise the razor to
his face. This analogy is clearly subjective to specific scenario and also
situational differences that may change the outcome of the event. So the
speed at which is stated is just an example of an "average" that can
measure the speed. Two main approaches are used in nanotechnology.
In the "bottom-up" approach, materials and devices are built from mole-
cularcomponents which assemble themselves chemically by principles
of molecular recognition. In the "top-down" approach, nano-objects are
constructed from larger entities without atomic-level control. Areas of
physics such as nanoelectronics, nanomechanics and nanophotonics
have evolved during the last few decades to provide a basic scientific
foundation of nanotechnology.

5. Insert the prepositions into the following sentences:

1) One nanometer is one billionth ... a meter.

2) A DNA double-helix has a diameter ... 2 nm.

3) The bacteria ... the genus Mycoplasma is ... 200 nm ... length.
4) There are two main approaches used ... nanotechnology.

5) Materials and devices are built ... molecular components which
assemble themselves chemically ... principles ... molecular rec-
ognition ... the "bottom-up" approach.

6)... the "top-down" approach, nano-objects are constructed ...
larger entities ... atomic-level control.

6.Translate the following into Russian:
One billionth of a meter; a DNA double-helix; the smallest cellular

life-forms; the bacteria of the genus Mycoplasma; to build materials and
devices from molecular components; to assemble themselves chemical-

11
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ly by principles of molecular recognition; to be constructed from larger
entities without atomic-level control.

1)
2)
3)
4)
5)

7.Answer the following questions:

What is the size of nanometer to a meter?

Which diameter has a DNA double helix?

What is the length of the bacteria of the genus Mycoplasma?
Which approaches are used in nanotechnology?

What is the difference between the approaches?

unit 1V

Nanomaterials

1. Try to guess the meaning of the following international words.
Are they nouns (n), verbs (v) or adjectives (adj):
Diffusion, ion, nanoionics, nanomechanics, biomaterial, aluminum.

12

1. Practice the following words:
Ratio ['reifiou], ion ['aion], opaque [ou'peikou], combustible
[kom'bAstibl], catalyst ['kaetlist], inert [i'n3:t].

2. Study the vocabulary list:

Reduction - cokparienue

quantum effects — kBaaToBbIC 3P PeKTHI
ratio — oTHoIICHNE

catalytic — kaTaIMTHUIECCKUIA

ioN — voH

opaque — HENMpOo3pavyHbIn

transparent — mpo3pavyHbIi

insoluble — HepacTBOpPUMBIH

inert — uHepTHBIN

catalyst — katanu3zaTop

combustible material — roprouee BerecTBo

3. Read and translate the text.
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Larger to smaller: a materials perspective

A number of physical phenomena become pronounced as the size
of the system decreases. These include statistical mechanical effects, as
well as quantum mechanical effects, for example the “quantum size ef-
fect” where the electronic properties of solids are altered with great re-
ductions in particle size. This effect does not come into play by going
from macro to micro dimensions. However, quantum effects become
dominant when the nanometer size range is reached, typically at dis-
tances of 100 nanometers or less, the so called quantum realm. Addi-
tionally, a number of physical (mechanical, electrical, optical, etc.)
properties change when compared to macroscopic systems. One exam-
ple is the increase in surface area to volume ratio altering mechanical,
thermal and catalytic properties of materials. Diffusion and reactions at
nanoscale, nanostructures materials and nanodevices with fast ion trans-
port are generally referred to nanoionics. Mechanical properties of na-
nosystems are of interest in the nanomechanics research. The catalytic
activity of nanomaterials also opens potential risks in their interaction
with biomaterial. Materials reduced to the nanoscale can show different
properties compared to what they exhibit on a macroscale, enabling
unique applications. For instance, opaque substances become transpa-
rent (copper); stable materials turn combustible (aluminum); insoluble
materials become soluble (gold). A material such as gold, which is
chemically inert at normal scales, can serve as a potent chemical cata-
lyst at nanoscales. Much of the fascination with nanotechnology stems
from these quantum and surface phenomena that matter exhibits at the
nanoscale.

5. Find in the text English word-combinations corresponding

to the following Russian ones:
COKpaI[IGHI/Ie pa3Mcepa qacTull, HU3MCHITH 9JICKTPOHHBIC
CBOMCTBa TBEPJIbIX YACTHUII, U3MEHATh (U3MUECKHUE CBOICTBA MaTepua-
JIOB; UCCJICAOBAHUA B HAHOMCXAHHUKC, MCXaHHUYCCKHUC CBOMCTBa HAHOCH-
CTEM; B3aMMOJCHCTBHE HAHOMATEpPUAJIOB C OMOMaTepuaiaMu; YMEHb-
IIaTh MaT€pHUaJbl 4O HAHOYPOBHS; IPEBpaIllaTh HENIPO3PAUYHbIC BEIIECT-
Ba B IIPO3PAYHBIC, OBITH HHCPTHBIM; CIYXUTb MOIIHBIM XHMHWYCCKUM

13
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KaTaJau3aTOpOM Ha HAaHOYPOBHE, HEPACTBOPUMBIM MaTEpHUall, paCTBOPH-
MO€ BEIIECTBO, aKTUBHOCTh KaTaJIN3aTOPa, HAHOCTPYKTYPHBIE MaTepHa-
JIbl, KBAHTOBO-MEXaHUYECKUH A(DPEKT, KATAIUTHUECKUE CBOKCTBA.

1)

6.Complete the following sentences:

Quantum effects become dominant when the nanometer size

range is reached, typically at distances of ... .

2)

Diffusion and reactions at nanoscale, nanostructures mate-

rials and nanodevices with fast ion transport are generally referred to ...

3)
4)
5)
6)
7)

Mechanical properties of nanosystems are of interest in ... .
Opaque substances reduced to the nanoscale become ... .
Stable materials reduced to the nanoscale turn ... .

Insoluble materials reduced to the nanoscale become ... .
Gold, which is chemically inert at normal scales, can serve as

7.Answer the following questions:

1)
2)
3)

When do quantum effects become dominant?
What does nanomechanics study?
Do materials reduced to the nanoscale exhibit the same prop-

erties as on a macroscale?

4)

When can gold serve as a potent chemical catalyst
Unit vV

Molecular self-assembly

2. Try to guess the meaning of the following words. Discuss with
your group mates whether they are nouns (n), verbs (v) or ad-
jectives (adj):

Modern, synthetic, method, manufacture, polymer,
pharmaceuticals, commercial, supramolecular, utilize, automatically,
configuration, enzyme, protein, component, biology, principle.

3. Practice the following words:

14
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Pharmaceuticals [fa:ma'sju:tikol], enzyme ['enzaim], protein
['prouti:n], chemical ['kemikal].

4. Study the vocabulary list:
Pharmaceuticals — papmarieBTHdecKue npenapatsl
polymers — momumepsl
conformation — crpykrypa
enzyme — ¢pepMeHT
enzyme-substrate — dbepMeHT cyOcTpaTHBIN
supramolecula chemistry — cynpamosnekyssipHas XuMus
single molecules — oTnenpHBIC MOJIEKYITBI

5. Read and translate the text.
Simple to complex: a molecular perspective

Modern synthetic chemistry has reached the point where it is poss-
ible to prepare small molecules to almost any structure. These methods
are used today to manufacture a wide variety of useful chemicals such
as pharmaceuticals or commercial polymers. This ability raises the
question of extending this kind of control to the next-larger level, seek-
ing methods to assemble these single molecules into supramolecular as-
semblies consisting of many molecules arranged in a well defined man-
ner. These approaches utilize the concepts of molecular self-assembly
and /or supramolecula chemistry to automatically arrange themselves
into some useful conformation through a bottom-up approach. The con-
cept of molecular recognition is especially important: molecules can be
designed so that a specific configuration or arrangement is favored due
to non-covalent intermolecular forces. The Watson—Crick basepairing
rules are a direct result of this, as is the specificity of an enzyme being
targeted to a single substrate, or the specific folding of the protein itself.
Thus, two or more components can be designed to be complementary
and mutually attractive so that they make a more complex and useful
whole. Such bottom-up approaches should be capable of producing de-
vices in parallel and be much cheaper than top-down methods, but could
potentially be overwhelmed as the size and complexity of the desired
assembly increases. Most useful structures require complex and ther-

15
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modynamically unlikely arrangements of atoms. Nevertheless, there are
many examples of self-assembly based on molecular recognition in bi-
ology, most notably Watson—Crick basepairing and enzyme-substrate
interactions. The challenge for nanotechnology is whether these prin-
ciples can be used to engineer new constructs in addition to natural
ones.

6. Find in the text English word-combinations corresponding to
the following Russian ones:

[Ipon3BOaUTh MIMPOKOE pazHOOOpaszue (PapMalleBTUUECKUX IIpe-
napaTtoB; cneuuduka GepmMeHTOB U MOJIUMEPOB; cnenuduka GpepmeH-
TOB; CBOpauMBaHuE O€JIKa; OTJEIbHbBIE MOJIEKYJIbI, CYIPaMOJICKYIIsIpHAs
XUMHUS; CTPYKTYpa MOJIEKYJIbl; YCTPOMCTBO aTOMOB; CaMOOPraHU3aLMs
MOJIEK Y.

7. Translate the following into Russian:

To prepare small molecules to almost any structure; to assemble
single molecules into supramolecular assemblies; to arrange molecules
in a well defined manner; to arrange molecules into useful conforma-
tion; to utilize the concepts of molecular self-assembly; the concept of
molecular recognition; non-covalent intermolecular forces; arrange-
ments of atoms; the folding of the protein; enzyme-substrate interac-
tions.

8. Answer the questions to the text:
1)  What point has modern synthetic chemistry reached?
2)  What are methods of synthetic chemistry used for?
3) What question does modern synthetic chemistry raise?
4)  Why is the concept of molecular recognition important?
5)  What are direct results of molecular recognition?
6) Why bottom-up approaches can be overwhelmed?

Unit VI

Molecular nanotechnology

16
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1. Try to guess the meaning of the following words. Discuss
with your group mates whether they are nouns (n), verbs (v) or
adjectives (adj):

Machine, mechanosynthesis, technology, biometric, program, po-
sitional, hybrids, silicon, individual, publication, demonstrate, leader,
laboratory, experiment.

2. Practice the following words:

Monoxide [ma'na:ksaid], hybrid ['haibrid], silicon ['siliken], oscil-
lator ['a:sileito].

3. Study the vocabulary list:

Molecular nanotechnology — monekysnspHas HAHOTEXHOJIOTHS
monoxide — 0JTHOOKHUCH

oscillator — reaepatop

premise — npeanochuIKa

voltage — HanpspkeHue

4. Read and translate the text.
Molecular nanotechnology: a long-term view

Molecular nanotechnology, sometimes called molecular manufac-
turing, describes engineered nanosystems (nanoscale machines) operat-
ing on the molecular scale. Molecular nanotechnology is especially as-
sociated with the molecular assembler, a machine that can produce a de-
sired structure or device atom-by-atom using the principles of mechano-
synthesis. Manufacturing in the context of productive nanosystems is
not related to, and should be clearly distinguished from, the convention-
al technologies used to manufacture nanomaterials such as carbon nano-
tubes and nanoparticles. When the term "nanotechnology" was indepen-
dently coined and popularized by Eric Drexler (who at the time was un-
aware of an earlier usage by Norio Taniguchi) it referred to a future
manufacturing technology based on molecular machine systems. The
premise was that molecular scale biological analogies of traditional ma-
chine components demonstrated molecular machines were possible: by

17
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the countless examples found in biology, it is known that sophisticated,
stochastically optimised biological machines can be produced.

It is hoped that developments in nanotechnology will make possi-
ble their construction by some other means, perhaps using biomimetic
principles. However, Drexler and other researchers have proposed that
advanced nanotechnology, although perhaps initially implemented by
biomimetic means, ultimately could be based on mechanical engineer-
ing principles, namely, a manufacturing technology based on the me-
chanical functionality of these components (such as gears, bearings, mo-
tors, and structural members) that would enable programmable, posi-
tional assembly to atomic specification. The physics and engineering
performance of exemplar designs were analyzed in Drexler's book Na-
nosystems. In general it is very difficult to assemble devices on the
atomic scale, as all one has to position atoms on other atoms of compa-
rable size and stickiness. Another view, put forth by Carlo Montemag-
no, is that future nanosystems will be hybrids of silicon technology and
biological molecular machines. Yet another view, put forward by the
late Richard Smalley, is that mechanosynthesis is impossible due to the
difficulties in mechanically manipulating individual molecules. This led
to an exchange of letters in the ACS publication Chemical & Engineer-
ing News in 2003.Though biology clearly demonstrates that molecular
machine systems are possible, non-biological molecular machines are
today only in their infancy. Leaders in research on non-biological mole-
cular machines are Dr. Alex Zettl and his colleagues at Lawrence
Berkeley Laboratories and UC Berkeley. They have constructed at least
three distinct molecular devices whose motion is controlled from the
desktop with changing voltage: a nanotube nanomotor, a molecular ac-
tuator, and a nanoelectromechanical relaxation oscillator. An experi-
ment indicating that positional molecular assembly is possible was per-
formed by Ho and Lee at Cornell University in 1999. They used a scan-
ning tunneling microscope to move an individual carbon monoxide mo-
lecule (CO) to an individual iron atom (Fe) sitting on a flat silver crys-
tal, and chemically bound the CO to the Fe by applying a voltage.

5. Find in the text English words and word-combinations cor-
responding to the following Russian ones:
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yFJ'ICpOI[HBIC HﬂHOTpY6KI/I; HaHOYaCTHUIbI;, IMPOU3BOAUTL HAaHOMaA-
TCPpHAJIbI, I[CﬁCTBOB&TI) Ha MOJICKYJIAAPHOM YPOBHC, OCHOBBLIBATLCA Ha
MCXaHUYCCKUX HWHIKXCHCPHBIX INPHUHOUIIAX, YIIPABJATH ABUKCHHUCM MO-
JICKYJI; MOJICKYJIIPpHAsA HAHOTCXHOJIOTUA, p33pa60TKI/I B HAHOTCXHOJIO-
THUH.

6. Discuss with your group mates whether the following state-

ments are true or false:

1) Molecular nanotechnology and molecular manufacturing mean
the same.

2) Molecular assembler is a machine, that produce desired struc
ture or device atom-by-atom using the principles of mechanosynthesis.

3)Molecular manufacturing is related to technologies used to man-
ufacture nanomaterials such as carbon nanotubes and nanoparticles.

4)1t is not an easy matter to assemble devices on the atomic scale,
as all one has to position atoms on other atoms of comparable size and
stickiness.

5)The possibility of molecular machine systems is undoubted.

6)Non-biological molecular machines are in wide usage today.

7.Convert nouns into adjectives:

Convention - al conventional

biology

commerce

position

function

nation

9. Use the noun suffixes to convert verbs into nouns:

Operate - Tion, sion | operation

configurate

associate

popularize

manipulate

demonstrate

10. Answer the following questions:
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1)  What does molecular nanotechnology describe?

2)  What is molecular assembler?

3) Why s it difficult to assemble devices on the atomic scale?

4)  What did leaders in research on non-biological molecular
machines construct?

5) What did researchers from Cornell University use to indicate
that positional molecular assembly is possible?

Unit VII
Nanomaterials

1. Try to guess the meaning of the following words. Discuss
with your group mates whether they are nouns (n), verbs (v) or
adjectives (adj):
Interface, fullerenes, transport, nanoionics, traditional, nanoelec-
tronics
2. Practice the following words:
Colloid ['ka:loid], unique [ju:'ni:k], nanoionics [nanouai'a:niks],
nanoelectronics [nanouilek'troniks], nanoromedicine [nanou'medson],
flavour ['fleiva], solar ['soulo].

3. Study the vocabulary list:
colloid —xoyuton I

solar — conmHeuHbIit

to incorporate — BKJIFOYaTH
application — npumeHeHHE
unigque - yHUKaJIbHBIN

4. Read and translate the text:
Nanomaterials

This includes subfields which develop or study materials having
unique properties arising from their nanoscale dimensions.

20



21

. Interface and colloid science has given rise to many mate-
rials which may be useful in nanotechnology, such as carbon nanotubes
and other fullerenes, and various nanoparticles and nanorods. Nanoma-
terials with fast ion transport are related also to nanoionics and nanoe-
lectronics.

. Nanoscale materials can also be used for bulk applications;
most present commercial applications of nanotechnology are of this fla-
Vor.

. Progress has been made in using these materials for medical
applications.

. Nanoscale materials are sometimes used in solar cells which
combats the cost of traditional Silicon solar cells

. Development of applications incorporating semiconductor
nanoparticles to be used in the next generation of products, such as dis-
play technology, lighting, solar cells and biological imaging.

. 5. Compare two columns of words and find Russian equi-
valents (from the right column) to the following English words
(from the left one):

1. yHHKaIbHBIC CBOMCTBA Ma- a. carbon nanotrubes
TCPpHUAJIIOB

2. OBITh TIOJIE3HBIM B HAHO- b. commercial application of
TEXHOJIOTHH nanotechnology

3. yriaepoaHbie HAHOTPYOKH c. fullerenes

4. pynmepensl d. new-generation materials

5. KOMMEpUYECKOe IIPHUMEHEe- e. to develop nanomedicine
HNEC HAHOTCXHOJIOI'NHU

6. pa3BUBaTh HAHOMEIUIIUHY f. unique properties of mate-

rials

7. IPOAYKTHI HOBOT'O IMOKO- g. to be useful in nanotech-

JICHUS nology

6. Find antonyms (from the left column) to the words (from
the right one):

1.to decrease a. to assemble

2. reduction b. to increase
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3. to separate c. extending
4. opaque d. soluble
5. insoluble e. transparent

7.Write a list of as many nanomaterials as you can think of.
Compare your list with the lists of your group mates. Under-
line any nanomaterials that are not in your list.

8. Answer the following questions:

1) What materials has colloid science given rise to?

2) What materials are related to nanoionics and nanoelectronics?
3) What applications are nanoscale materials used for?

Unit VIII
The main approaches
1. Try to guess the meaning of the following words. Discuss
with your group mates whether they are nouns (n), verbs (v) or

adjectives (adj):
Conformation, utilize, nucleic, concept, supramolecular, automati-

cally, silicon, microprocessor, magnetoresistance, nanoelectromechani-
cal, microelectromechanical, nanolithography, analysis.

2. Practice the following words:
Nucleic [nju:'kli:k], acid ['esid], nanolithography

[naenouli'Oa:grofi].
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3. Study the vocabulary list:
t0 cause — MpUYUHATH, BHI3BIBATH
asid — xucnora
to utilize - ucrmonp3oBath
to descend —mpoucxoauTh
magnetoresistance — MarHITOCOIIPOTUBJICHHE
nanolithography — manonurorpadus
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4. Read and translate the texts.
Bottom-up approaches

These seek to arrange smaller components into more complex as-
semblies.

. DNA nanotechnology utilizes the specificity of Watson—
Crick basepairing to construct well-defined structures out of DNA and
other nucleic acids.

. Approaches from the field of "classical" chemical synthesis
also aim at designing molecules with well-defined shape (e.g. bis-
peptides).

. More generally, molecular self-assembly seeks to use con-
cepts of supramolecular chemistry, and molecular recognition in partic-
ular, to cause single-molecule components to automatically arrange
themselves into some useful conformation.

Top-down approaches

These seek to create smaller devices by using larger ones to direct
their assembly.

. Many technologies that descended from conventional solid-
state silicon methods for fabricating microprocessors are now capable of
creating features smaller than 100 nm, falling under the definition of
nanotechnology. Giant magnetoresistance-based hard drives already on
the market fit this description, as do atomic layer deposition (ALD)
techniques. Peter Griinberg and Albert Fert received the Nobel Prize in
Physics for their discovery of Giant magnetoresistance and contribu-
tions to the field of spintronics in 2007.

. Solid-state techniques can also be used to create devices
known as nanoelectromechanical systems or NEMS, which are related
to microelectromechanical systems or MEMS.

. Atomic force microscope tips can be used as a nanoscale
"write head" to deposit a chemical upon a surface in a desired pattern in
a process called dip pen nanolithography. This fits into the larger sub-
field of nanolithography.
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. Focused ion beams can directly remove material, or even de-
posit material when suitable pre-cursor gasses are applied at the same
time. For example, this technique is used routinely to create sub-100 nm
sections of material for analysis in Transmission electron microscopy.

5. Compare two columns of words and find Russian equiva-
lents (from the right column) to the following English words (from
the left one):

1. opraHu30BBIBATH MOJIEKYJIbI B a. to fall under the definition
TIOJIC3HBIC CTPYKTYPHI of nanotechnology

2. mony4yath HobOeneBckyro mpe- b. to be related to microelec-
MUIO TI0 (pH3HKe tromechanical systems

3. OTHOCHUTKCS K DJICKTPOMEXaHU- c. to arrange molecules into
YCCKHUM CHCTEMaM useful conformation

4. OpraHu30BBIBATH MEHbIIIHE d. to construct structures out

kKoMIIOHEHTHI B 0oJiee cioxxkubie  Of DNA and nucleic acids

5. co3maBath cTpykTyphl u3 JJTHK e. to receive the Nobel Prize
Y HYKJICMHOBBIX KHCJIOT in Physics
6. co3maBaTh MEHBIIINE MAaTEPUAITBI f. to arrange smaller compo-

TIOCPEJICTBOM MCIIOB30BaHUsA-  Nents into more complex
OOJBIIINX

/. moIaaaTh MO OIpeIeiICHUE Ha- g. to create smaller devices
HOTEXHOJIOTUH by using larger ones

6. Insert the prepositions into the following sentences:

1) Bottom-up approaches seek to arrange smaller components ...
more complex assemblies.

2) DNA nanotechnology utilizes the specificity ... Watson—Crick
basepairing to construct well-defined structures ... ... DNA and other
nucleic acids.

3) Approaches ... the field of "classical" chemical synthesis also
aim ... designing molecules ... well-defined shape
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4) Molecular self-assembly seeks to use concepts ... molecular
recognition to cause single-molecule components to automatically ar-
range themselves ... some useful conformation.

5) Top-down approaches seek to create smaller devices ... using
larger ones to direct their assembly.

6) Peter Griinberg and Albert Fert received the Nobel Prize ...
Physics ... their discovery ... Giant magnetoresistance and contribu-
tions ... the field ... spintronics ... 2007.

7) Atomic force microscope tips can be used ... a nanoscale "write
head" to deposit a chemical ... a surface ... a desired pattern.

7. Answer the following questions:

1)  What does Bottom-up approach seek?

2)  What does molecular self-assembly use concepts molecular
recognition for?

3) What is top-down approach?

4)  What did Peter Griinberg and Albert Fert receive the Nobel
Prize in Physics for?

5) What is nanolithography?

Unit IX
Other approaches

1. Try to guess the meaning of the following words. Discuss
with your group mates whether they are nouns (n), verbs (v) or
adjectives (adj):
Rataxane, motor, design, biomineralization, bionanotechnology,
biomolecule, manipulate, theoretical,nanorobotics, progress, methodol-
ogy, progressive, patent, popularity, picotechnology, femtotechnology.

2. Practice the following words:

Component [kem'psunent], functionality [fAnk|o'neliti], patent
['peitent], method ['meBad], nature ['neit]s], inquiry [ink'waiori], societal
[so'saiatl], synthetic [sin'Oetik].
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3. Study the vocabulary list:
functionality — ¢pyHKIIMOHAIEHOCTD
bionics — Ononuka

INQUiry — uccaeIoBaHME
speculative — Teopetrueckmii
societal — conmanbHbI

drawback — negocrarok

patent — mareHt

artificial — uckyccrBenHsri
exposure — oOHapoI0BaHUE

4. Read and translate the texts.
Functional approaches

These seek to develop components of a desired functionality with-
out regard to how they might be assembled.

. Molecular electronics seeks to develop molecules with useful
electronic properties. These could then be used as single-molecule com-
ponents in a nanoelectronic device. For an example see rotaxane.

. Synthetic chemical methods can also be used to create syn-
thetic molecular motors, such as in a so-called nanocar.

Biomimetic approaches

. Bionics or biomimicry seeks to apply biological methods and
systems found in nature, to the study and design of engineering systems
and modern technology. Biomineralization is one example of the sys-
tems studied.

. Bionanotechnology the use of biomolecules for applications
in nanotechnology.

Speculative

These subfields seek to anticipate what inventions nanotechnology

might yield, or attempt to propose an agenda along which inquiry might
progress. These often take a big-picture view of nanotechnology, with
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more emphasis on its societal implications than the details of how such
inventions could actually be created.

. Molecular nanotechnology is a proposed approach which in-
volves manipulating single molecules in finely controlled, deterministic
ways. This is more theoretical than the other subfields and is beyond
current capabilities.

. Nanorobotics centers on self-sufficient machines of some
functionality operating at the nanoscale. There are hopes for applying
nanorobots in medicine, but it may not be easy to do such a thing be-
cause of several drawbacks of such devices. Nevertheless, progress on
innovative materials and methodologies has been demonstrated with
some patents granted about new nanomanufacturing devices for future
commercial applications, which also progressively helps in the devel-
opment towards nanorobots with the use of embedded nanobioelectron-
ICS concepts.

. Programmable matter based on artificial atoms seeks to de-
sign materials whose properties can be easily, reversibly and externally
controlled.

. Due to the popularity and media exposure of the term nano-
technology, the words picotechnology and femtotechnology have been
coined in analogy to it, although these are only used rarely and infor-
mally.

5. Compare two columns of words and find Russian equiva-
lents (from the right column) to the following English words (from
the left one):

1. TeopeTHUeCKUI TTOAXO0T a. innovative materials
2. MOJISKYJIBI ¢ TTOJIe3HBIMU 2Iek- D, to seek to apply biological me-
TPOHHBIMHU CBONCTBAMHU thods and systems

3. CTpeMUThCS IPUMEHATH Orosio- €. applying nanorobots in medicine
TNYCCKUC METOAbI U CUCTEMBI
4. nzo0perenus Hanotexuoorun 0. molecules with useful electronic

properties

5. mpuMeHeHne HaHOPOOOTOB B e. artificial atoms

MCIUIIUHC

6. MHHOBAITMOHHBIC MAaTEPHUAITBI f. the inventions of nanotechnolo-
gy
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7. UICKYCCTBEHHBIC aTOMBI g. speculative approach

6.Arrange synonyms in pairs:

To use to produce

to manufacture to utilize
conformation Research
Diverse Structure
Investigation Single
Individual Theoretical

to enhance to demonstrate
to exhibit to increase
Speculative various

7. Answer the following questions:
1)What is functional approach?
2)What does molecular electronics seek to develop?
3)What is bionics?
4)What does speculative approach seek to?
5)What does speculative approach make emphasis on?

Unit X
Tools and techniques

1. Try to guess the meaning of the following words. Discuss
with your group mates whether they are nouns (n), verbs (v) or
adjectives (adj):
Version, idea, acoustic, methodology, nanomanipulations, process,
nanolithography, lithography, fabrication, ultraviolet.

2. Practice the following words:

Tunneling ['tAnlig], acoustic [o'ku:stik], technique [tek'ni:k], ul-
traviolet [Altra'vaislit], vapor ['veipa].
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3. Study the vocabulary list:

probe — 30H]1

to launch — 3amyckarp, HaUMHATH

scanning probe microscopy — ckaHHpyroIas 30H10Bass MUKPOCKO-
Ut

acoustic — akyCcTHYeCKHMA

coworker — corpyTHUK

to implement — BoBiiekaTh, BHEIPATH

velocity — ckopocTh

X-ray — peHTreH

ultraviolet — ymerpaduoneToBbrit

vapor — map, ras

epitaxy — smuTakcHs

confocal — codoxycHbrit

4. Read and translate the text.
Tools and techniques

There are several important modern developments. The atomic
force microscope (AFM) and the Scanning Tunneling Microscope
(STM) are two early versions of scanning probes that launched nano-
technology. There are other types of scanning probe microscopy, all
flowing from the ideas of the scanning confocal microscope developed
by Marvin Minsky in 1961 and the scanning acoustic microscope
(SAM) developed by Calvin Quate and coworkers in the 1970s, that
made it possible to see structures at the nanoscale. The tip of a scanning
probe can also be used to manipulate nanostructures (a process called
positional assembly). Feature-oriented scanning-positioning methodolo-
gy suggested by Rostislav Lapshin appears to be a promising way to
implement these nanomanipulations in automatic mode. However, this
Is still a slow process because of low scanning velocity of the micro-
scope. Various techniques of nanolithography such as optical lithogra-
phy, X-ray lithography dip pen nanolithography, electron beam litho-
graphy or nanoimprint lithography were also developed. Lithography is
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a top-down fabrication technique where a bulk material is reduced in
size to nanoscale pattern.

Another group of nanotechnological techniques include those used
for fabrication of nanowires, those used in semiconductor fabrication
such as deep ultraviolet lithography, electron beam lithography, focused
ion beam machining, nanoimprint lithography, atomic layer deposition,
and molecular vapor deposition, and further including molecular self-
assembly techniques such as those employing di-block copolymers.
However, all of these techniques preceded the nanotech era, and are ex-
tensions in the development of scientific advancements rather than
techniques which were devised with the sole purpose of creating nano-
technology and which were results of nanotechnology research.

The top-down approach anticipates nanodevices that must be built
piece by piece in stages, much as manufactured items are made. Scan-
ning probe microscopy is an important technique both for characteriza-
tion and synthesis of nanomaterials. Atomic force microscopes and
scanning tunneling microscopes can be used to look at surfaces and to
move atoms around. By designing different tips for these microscopes,
they can be used for carving out structures on surfaces and to help guide
self-assembling structures. By using, for example, feature-oriented
scanning-positioning approach, atoms can be moved around on a sur-
face with scanning probe microscopy techniques. At present, it is ex-
pensive and time-consuming for mass production but very suitable for
laboratory experimentation.

In contrast, bottom-up techniques build or grow larger structures
atom by atom or molecule by molecule. These techniques include chem-
ical synthesis, self-assembly and positional assembly. Dual polarisation
interferometry is one tool suitible for characterization of self assembled
thin films. Another variation of the bottom-up approach is molecular
beam epitaxy or MBE. Researchers at Bell Telephone Laboratories like
John R. Arthur. Alfred Y. Cho, and Art C. Gossard developed and im-
plemented MBE as a research tool in the late 1960s and 1970s. Samples
made by MBE were key to the discovery of the fractional quantum Hall
effect for which the 1998 Nobel Prize in Physics was awarded. MBE al-
lows scientists to lay down atomically precise layers of atoms and, in
the process, build up complex structures. Important for research on sem-
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iconductors, MBE is also widely used to make samples and devices for
the newly emerging field of spintronics.

However, new therapeutic products, based on responsive nanoma-
terials, such as the ultradeformable, stress-sensitive Transfersome ve-
sicles, are under development and already approved for human use in
some countries.

5. Compare two columns of words and find Russian equiva-
lents (from the right column) to the following English words (from

the left one):

1.CxaHupyoiuye 30H,1bl
2. 3aIyCKaTh HAHOTEXHOJIOTHIO

3. CKaHUPYIOITUN aKyCTUUECKUN
MHUKPOCKOIT

4, ynpaBisiTh HAHOCTPYKTYypaMu

5. U3-3a MENIEHHOW CKaHUPYIOUIEH
CKOPOCTH MUKPOCKOTIA

6. yMEHbIIIaTh MaTEpHUaIbl B pas-
Mepe 10 00pasia HaHOYPOBHS
7. B&XKHBIM TEXHOJOTUYECKUAN TIPU-
€M JIJI ONMCAHUS U CUHTE3a HaHO-
MaTepHUasoB
8. pa3IMyHbIE TEXHOJOTUYECKUE
pueMbl HaHOHUTOrpaduu
9. M3roTOBJICHNE HAHOTIPOBOOB
11. nepemMeath aTOM IO TO-
BEPXHOCTH
12. HaHOUMIIPUHTHAS JTUTOTPa-

bust

13. camoopranuzaiusi CTpyKTyp
14. Y® nutorpadus
15. 37IeKTPOHHO-ITYYKOBAas JTUTO-

rpadus

31

a) scanning acoustic microscope
b) various techniques of nanoli-
thography

C) scanning probes

d) to launch nanotechnology

e)an important technique for cha-
racterization and synthesis of na-
nomaterials.

f) because of low scanning veloci-
ty of the microscope

g) self-assembling structures

h) to reduce materials in size to
nanoscale pattern

1) to manipulate nanostructures
J) fabrication of nanowires

K) ultraviolet lithography

[) to move atoms on the surface

m) nanoiprint lithography



32

32

16. 1uOIOKCOIMOIMMED n) di-block copolymer
17. natepdepomeTpusi TBOMHOM _
NoASpU3ALHK 0) electron beam lithography
18. apdexT Xomna 0) Hall effect
19. MonekysIpHO JTyueBasi AMu-
TOKCH3 q) dual polarization interferometry

r) molecular beam epitaxy

6.Arrange synonyms in pairs:

To include to alter

to operate to explore

to investigate to manipulate
Matter Outcome
Production Manufacturing
Plausible Question
Result Possible

to change to incorporate

7. Answer the questions:

1)What are two early versions of scanning probes that launched
nanotechnology?

2)What techniques of nanolithography were developed?

3)What are atomic force microscopes and scanning tunneling mi-
croscopes used for?

4)What was molecular beam epitaxy (MBE) implemented for?
5)What opportunities does MBE give scientists?

Unit XI

Applications
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1. Try to guess the meaning of the following words. Discuss
with your group mates whether they are nouns (n), verbs (v) or
adjectives (adj):
Project, limit, titanium, cosmetics, allotropes, furniture, cerium,
catalyst, monograph, detoxify.
2. Practice the following words:
Titanium  [tai'teniom], dioxide [dai'oksaid], = membrane
['membrein].

3. Study the vocabulary list:

to estimate — oieHuBaTH

titanium — turan

dioxide — nuokcung

SUNSCreen — COJTHIE3AIUTHBIN KPEM
gecko — rekkon

disinfectants — nesundunupyromnme cpeacraa
coating — mokpeITHe

paints — kpacku

varnishes — nak, JJakupoBKa

cerium — uepuii

to fund — punancupoBaTh

4. Read and translate the text.
Nanotechnology application

As of August 21, 2008, the Project on Emerging Nanotechnologies
estimates that over 800 manufacturer-identified nanotech products are
publicly available, with new ones hitting the market at a pace of 3—4 per
week. The project lists all of the products in a publicly accessible on-
line.

Most applications are limited to the use of "first generation" pas-
sive nanomaterials which includes titanium dioxide in sunscreen, cos-
metics and some food products; Carbon allotropes used to produce
gecko tape; silver in food packaging, clothing, disinfectants and house-
hold appliances; zinc oxide in sunscreens and cosmetics, surface coat-
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ings, paints and outdoor furniture varnishes; and cerium oxide as a fuel
catalyst.

The National Science Foundation (a major distributor for nano-
technology research in the United States) funded researcher David Be-
rube to study the field of nanotechnology. His findings are published in
the monograph Nano-Hype: The Truth Behind the Nanotechnology
Buzz. This study concludes that much of what is sold as “nanotechnolo-
gy’ is in fact a recasting of straightforward materials science, which is
leading to a “nanotech industry built solely on selling nanotubes, nano-
wires, and the like” which will “end up with a few suppliers selling low
margin products in huge volumes." Further applications which require
actual manipulation or arrangement of nanoscale components await fur-
ther research. Though technologies branded with the term 'nano' are
sometimes little related to and fall far short of the most ambitious and
transformative technological goals of the sort in molecular manufactur-
ing proposals, the term still connotes such ideas. According to Berube,
there may be a danger that a "nano bubble" will form, or is forming al-
ready, from the use of the term by scientists and entrepreneurs to garner
funding, regardless of interest in the transformative possibilities of more
ambitious and far-sighted work.

Nano-membranes have been produced that are portable and easily-
cleaned systems that purify, detoxify and desalinate water meaning that
third-world countries could get clean water, solving many water related
health issues.

5. Compare two columns of words and find Russian equiva-
lents (from the right column) to the following English words (from
the left one):

1. nocTymHBIC HAHOTPOIYKTHI a) Nanotechnology application
2. mpuMeHeHue HaHoTexHomorui ) available nanoproducts

3. u3yuath cepy HaHoTexHONOTHI C) Molecular manufacturing

4. mepeHocumas u jerkoounmae-  d) to study the field of nanotech-

Masi CuCTeMa nology

5. Ouumare BOy JUIsl CTPaH e) to be related to the most ambi-

TPETHETO MHPA tious technological goals

6. MOJICKYJISIPHOE ITPON3BOJICTBO f) portable and easily-cleaned sys-
tems
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7. OTHOCHTBCS K cambiM amOunn- Q) to purify water for third-world
O3HBIM TEXHOJIOTMYCECKUM IIeIsIM  countries
8. co31aBaTh HAHOXKEBAUKY h) to form "nano bubble"

6. Complete the following sentences:

a. The"first generation" of passive nanomaterials includes ... .

b. A major distributor for nanotechnology research in the United
States is ... .

c. David Berube’s study concludes that much of what is sold as
“nanotechnology” is in fact ... .

d. Nano-membranes are ... systems for ... .

7. Use the noun suffixes to convert verbs into nouns:

Distribute -tion, sion destribution

Characterize

Anticipate

Fabricate

Advance -ment advancement

Arrange

6. Answer the questions:

1) What did the Project on Emerging Nanotechnologies esti-
mate in August 21, 2008?

2)  What do "first generation" of passive nanomaterials include?

3) Why did a major distributor for nanotechnology fund David
Berube?

4)  What did David Berube published in his monograph? What
does he concern about?

5) What are the purposes of nano-membranes?

Unit XI1
Implications
1. Try to guess the meaning of the following words. Discuss

with your group mates whether they are nouns (n), verbs (v) or
adjectives (adj):
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Commercialization, adequate, nanotoxicology, center, regulate,
innovation, destabilize, cameras, industrial, expert, director, risk, result.

2. Practice the following words:
Potential [pg'tenfgl], society [so'saioti], weapon ['wepan], govern-
ment ['gAvnmant], environment [in'vaisromant], scientific [saion'tifik].

3. Study the vocabulary list:
implication — 3nauenue

claim — 3asBnenwue, mpoTecT

potential — moTeHIIMATLHBII

concern — 0ecnoKOMCTBO, Ba)KHOE IEII0
effect — nelictBue

appropriate — moaxoaAIui, COOTBETCTBYFOIIHIA
to mitigate — cmsar4aTh, 0c1a0IAThH
Weapon — opyxue

to advocate — 3amumarh

to stifle — mymute

to benefit — mpuHOCHTH MOJIBL3Y

to testify — cBumerenncTBOBATH

4. Read and translate the text.
Implication of nanotechnology

Because of the far-ranging claims that have been made about po-
tential applications of nanotechnology, a number of serious concerns
have been raised about what effects these will have on our society if
realized, and what action if any is appropriate to mitigate these risks.

There are possible dangers that arise with the development of na-
notechnology. The Center for Responsible Nanotechnology suggests
that new developments could result, among other things, in untraceable
weapons of mass destruction, networked cameras for use by the gov-
ernment, and weapons developments fast enough to destabilize arms
races (""Nanotechnology Basics").

One area of concern is the effect that industrial-scale manufactur-
ing and use of nanomaterials would have on human health and the envi-
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ronment, as suggested by nanotoxicology research. Groups such as the
Center for Responsible Nanotechnology have advocated that nanotech-
nology should be specially regulated by governments for these reasons.
Others counter that overregulation would stifle scientific research and
the development of innovations which could greatly benefit mankind.

Other experts, including director of the Woodrow Wilson Center's
Project on Emerging Nanotechnologies David Rejeski, have testified
that successful commercialization depends on adequate oversight, risk
research strategy, and public engagement. Berkeley, California is cur-
rently the only city in the United States to regulate nanotechnology;
Cambridge, Massachusetts in 2008 considered enacting a similar law,
but ultimately rejected this.

5. Compare two columns of words and find Russian equiva-
lents (from the right column) to the following English words (from
the left one):

1. nenaThb 3asiBJIeHUE
2. IIOTCHIINAaJl HpI/IMeHeHI/Iﬁ HAaHO-

a) weapons of mass destruction
b) to mitigate risk of arising con-

TEXHOJIOTUU cerns
3. UMeTh BO3JeiicTBHE Ha oOmecT- C) to make claims
BO

d) the effect of the usage of nano-
materials on human health
e) to have effect on society

4. yMEHbIIIaTh PUCK BO3paCTaro-
X OCCITOKONCTB

5. Opy’KM€ MacCOBOTO YHUUYTOXKE-
HUS

6. pe3yJbTaT UCIIOJIL30BAHUS Ha-
HOMATEPHAJIOB HA YEJIOBEUYECKOE
371I0POBbE

f) the effect of industrial manufac-
turing of nanomaterials on the en-
vironment

7. BO3IEUCTBUE NPOMBIIIJIEHHOTO
MIPOM3BOCTBA HAHOMATEPHUAJIOB Ha
OKPY>KAIOIIYI0 CpeIy

8. MPUHOCUTH TOJIH3Y YEJIOBEUECT-
BYy

9. 3HaUeHNE HAHOTEXHOIOT U

g) potential applications of nano-
technology

h) to benefit mankind

1) implication of nanotechnology

6. Discuss with your group mates whether the following state-

ments are true or false:
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1) There are no serious concerns about the potential applications of
nanotechnology in modern society.

2) New developments of nanotechnology can result in untraceable
weapons of mass destruction.

3) Overregulation of nanotechnology by governments would ben-
efit mankind greatly.

4) The most important concern is the effect that industrial-scale
manufacturing of nanomaterials has on human health.

7. Answer the questions:

1)  Which concerns has potential applications of nanotechnology
arisen?

2)  What are the dangers of the development of nanotechnology?

3) What does successful commercialization of nanotechnology
depend on?

Unit X111
Health and environmental concerns

1. Try to guess the meaning of the following words. Discuss
with your group mates whether they are nouns (n), verbs (v) or
adjectives (adj):
Bacteriostatic, organic, stress, public, nano-titanium, chromosome,
neurological, form, poster, revolution, institute, sort.

2. Practice the following words:
Consequence ['konsikwons], odor ['ouds], oxidative [a:ksi'deitiv],
chromosome ['kroumosoum], disease [di'zi;z], asbestos [@&s'bestos], lung

[1An].

3. Study the vocabulary list:
unintended — HenpeTHAMEPECHHBIH
consequences — mociaeaCTBUs
bacteriostatic — 6GakTeprocTaTHUECKUH
beneficial — mone3nwrii
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to induce — moOyx1aTh, BHI3BIBATH
oxidative — OKUCIUTEILHBIN
chromosome — xpomocoma
cancer — pak

disease — 6one3Hb

aging — crapeHue

neurological — meBpomoruueckuii
asbestos — ac6ect

mesothelioma — me3otenmoma
lungs — nerkue

to inhale — BapIxaTe

4. Read and translate the text.

Health implications of nanotechnology and Environmental
implications of nanotechnology

Some of the recently developed nanoparticle products may have
unintended consequences. Researchers have discovered that silver na-
noparticles used in socks only to reduce foot odor are being released in
the wash with possible negative consequences. Silver nanoparticles,
which are bacteriostatic, may then destroy beneficial bacteria which are
important for breaking down organic matter in waste treatment plants or
farms.

A study at the University of Rochester found that when rats
breathed in nanoparticles, the particles settled in the brain and lungs,
which led to significant increases in biomarkers for inflammation and
stress response. A study in China indicated that nanoparticles induce
skin aging through oxidative stress in hairless mice.

A two-year study at UCLA's School of Public Health found lab
mice consuming nano-titanium dioxide showed DNA and chromosome
damage to a degree "linked to all the big killers of man, namely cancer,
heart disease, neurological disease and aging".

A major study published more recently in Nature Nanotechnology
suggests some forms of carbon nanotubes — a poster child for the “nano-
technology revolution” — could be as harmful as asbestos if inhaled in
sufficient quantities. Anthony Seaton of the Institute of Occupational
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Medicine in Edinburgh, Scotland, who contributed to the article on car-
bon nanotubes said "We know that some of them probably have the po-
tential to cause mesothelioma. So those sorts of materials need to be
handled very carefully." In the absence of specific nano-regulation
forthcoming from governments, Paull and Lyons (2008) have called for
an exclusion of engineered nanoparticles from organic food. A newspa-
per article reports that workers in a paint factory developed serious lung

disease and nanoparticles were found in their lungs.

5. Compare two columns of words and find Russian equiva-
lents (from the right column) to the following English words (from

the left one):

1. umets HCTIPCAHAMCPCHHBIC

MOCIICZICTBUS

2. UCTIOH30BaTh OAKTEPHO-
CTaTUYECKHUE cepeOpsHbIe HaHOYa-
CTHIIBI

3. YHHUTOXATh MOJIE3HBIC
OakTepuu

4. BBI3BIBATH CTAPEHUE KOXKH

5. BIBIXaTh JOCTATOYHOE KO-
JUYECTBO acOecTa

6. pa3BUBaATh 3a00JICBAHUS
JICTKHX

7. HaXOAUTh HAHOYACTHIIHI B
JICTKHX

a) to develop serious lung
disease
b) to induce skin aging

c) to have unintended conse-
quences

d) to use bacteriostatic silver
nanoparticles

e) to find nanoparticles in
lungs

f) to inhale in sufficient
quantities of asbestos

g) to destroy beneficial bac-
teria

6.Discuss with your groupmates whether the following
statements are true or false:
1) Recently developed nanoparticle products always have positive

consequences.

2) Breathing in nanoparticles leads to significant increases in bio-
markers for inflammation and stress response among rats.

3) Lab mice consuming nano-titanium dioxide leads to cancer.

4) Some forms of carbon nanotubes may cause mesothelioma.
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5) Workers in a paint factory usually suffer from lung disease and
nanoparticles are found in their lungs.

7. Answer the questions:
1) What consequences may recently developed nanoparticle prod-
ucts have?
2) What bacteria may silver nanoparticles destroy?
3) Which diseases may lab mice consuming nano-titanium dioxide
cause?
4) Why carbon nanotubes need to be handled very carefully?

Texts for supplementary reading
Nanolayers

New light-emitting materials are made possible by nano-
structuring semiconducting materials. The vertical cavity surface emit-
ting laser (VCSEL), in whose development Sandia National Laborato-
ries played a major role, is a good example of a nanomaterial that uses
layered quantum well structures to produce highly efficient, low power-
consumption light sources. A key to achieving high efficiency and opti-
cal control is the guantum confinement that results from designing and
building materials with chemically distinct layers that are on the order
of 10 ran thick.

An example of a VCSEL with its nanolayered material structure is
shown in Figure | VCSELs have now been developed to emit light, in
the infrared through visible and into the ultra, violet (Li V) wavelength
range.

Today, semiconductor quantum well light-emitting structures are
used in optical communications, image scanning, laser pointing and
surveying, printing, and computing. Tomorrow, the potential exists for
these materials to replace everyday use of fluorescent and incandescent
lighting with significant energy and cost savings. This new technology,
often called solid-state lighting, is already employed in many of today's
highwaytraffic signals. (These signals are recognizable by their unique
pattern of illuminated dots of light.) Solid-state traffic signals are 10
times more efficient than the filtered red light technology that they re-
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place! Even though current solid-state semiconductor lights are more
than two orders of magnitude more expensive than incandescent light
bulbs, municipalities are able to recoup this extra cost in as little as one
year, due to their dramatically reduced consumption of electricity. The-
reafter, solid-state lighting traffic signals save $1000 in electricity per
intersection per year. Because solid-state light sources are longer lasting
than conventional sources, their considerably reduced maintenance only
adds to the cost savings. Applying these efficiency gains to general
white-light illumination could reduce the U.S. electric bill by about S25
billion per year while reducing, by 28 million metric tons per year, the
carbon that is emitted from power plants into the atmosphere. Full reali-
zation of the energy and environmental benefits of general-application
solid-state lighting will require advances in our ability to design, con-
trol, and cost-effectively manufacture these nanostructured light-
emitting materials.

Researchers at Sandia and the University of New Mexico (UNM)
Medical School are exploring the use of VCSELSs to discriminate and
sort living human cells. A device called a BioCavitxLaser incorporates
individual living cells into the VCSEL structure. In the BioCavityLaser,
the VCSEL is integrated with a microscale fluid channel so that indi-
vidual cells m the fluid medium can be positioned within the semi-
conductor laser cavity, while in the laser cavity, the cells impart their
optical characteristics on the output of the laser, allowing subtle differ-
ences in cell character to be distinguished. In this way. a flowing stream
can be used to pass many cells, one after another, through the laser cavi-
ty where their signatures are collected in about one one-thousandth of a
second's time. The joint Sandia/UNM research team has shown that
this approach can be used to distinguish between healthy human brain
tissue and cancerous brain tissues by examining only a few hundred
cells. This research opens the potential for one day guiding a surgeon's
scalpel to remove cancerous tissue while preserving surrounding
healthy organs. Other potential applications for this technology include
detection of biological pathogens in the environment or food supplies,

Nanolayered metallic materials also exhibit extraordinary magnet-
ic and mechanical properties. In fact, nanoscale layered magnetic mate-
rials are responsible for many of today's dramatic improvements in
magnetic, data storage, while research in nanolayered "exchange spring"
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magnets holds the promise for tomorrow's more efficient, energy-saving
electric motors. Since magnetism is a collective phenomenon, control
over nanoscale structure offers new opportunities to modify and mani-
pulate the magnetic behavior in a fundamental way. The ability to build
controlled nanolayer magnetic materials has paved the way for several
new discoveries. There are known variously as giant magneton:-
sistance, tunneling magnetoresistance. exchange bias, and interlayer ex-
change coupling. They are providing a rich new tool set to create a va-
riety of sensors used for diverse applications, ranging from read heads
of magnetic storage devices to motion sensors used to monitor the rota-
tional position of robotic machinery.

Nanolayered metallic materials also show extraordinary mechani-
cal properties. For example, nanostructured copper/ stainless steel mul-
tilayers with layer thicknesses on the order of 5 run are twice as hard as
one would predict from a purely continuum rule of mixtures model.

Nanocrystals

In nanocrystals, size becomes a variable that can be used to "tune"
a wide range of properties. For example, guantum confinement of elec-
trons can be used to tune electrical, magnetic, and optical properties of
semiconductor quantum dots or "Q-dots." Q-dots hold significant poten-
tial as fluorescent tags that enable the tracking of biological processes
and sub-cellular metabolic processes. In this application, (he Q-dot is
joined with a biological receptor that can recognize and attach to a spe-
cific component of a living system. The fluorescent signal of the Q-dot
may then be used lo follow biological processes in real time. Q-dots of-
fer advantages over conventional fluorescent probes because they can
be tuned to emit over a wide range of colors, yet require only a single
excitation source to drive emission. This feature can allow many indi-
vidual biological processes to be tracked simultaneously. Semiconduc-
tor Q-dots are also much more resistant to photo-bleaching, which lim-
its the brightness of the fluorescent signal that can be obtained using
conventional probes.

Sandia scientists and engineers have begun exploring the poten-
tial for using cadmium sulfide Q-dots as next-generation phosphors for
general illumination applications. By encapsulating Q-dots in a poly-
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mer matrix and applying that coating to a semiconductor ultraviolet
light emitter, they have been able to demonstrate up to 70 pet quantum
efficiency for ultraviolet to visible light conversion. While this quan-
tum efficiency is only about as good as conventional micron-sized
phosphor materials, the nanocrystals produce nearly 25 pet less light
scattering. This greatly reduces the amount of light that would normally
scatter back into the emitter source, increasing the amount available for
illumination.

Researchers at Sandia have also demonstrated that silicon Q-dots
can generate light where bulk silicon, as an indirect bandgap semicon-
ductor, cannot. We have successfully grown size-selected Si nanoclus-
ters in the size range 1.8 to 10 nm as shown in Figure 2, and have ob-
served room-temperature photoluminescence at wavelengths across the
visible range. 700 to 350 nm (1.8 to 3.5 e V). This discovery opens the
door to future silicon-based microelectronics that can directly integrate
optical functions for communications or chemical/biological sensing.

Sandia researchers have also demonstrated total destruction
(called total mineralization) of several toxic organic chemicals through
the use of nanosize MoS, and sunlight. One of the most important of
these chemicals is penta-chlorophenol (or PCP), a widely used wood
preservative ubiquitous in the industrialized world. We demonstrated
complete mineralization of PCP using only light with wave length be-
tween 700 and 400 nm at a rate that significantly-exceeded that of ex-
isting approaches that also require high-energy UV excitation. This ap-
plication combines the tunable optical properties of Q-dots with their
enhanced chemical activity.

Three-dimensional Nanomaterials

Patterning techniques, including electron beam lithography and
nanoimprint lithography, have become increasingly-effective in their
ability to produce two-dimensional structures with nanometer-scale res-
olution. However, these "top-down" patterning approaches are not well
suited to synthesis of fully three-dimensional (3-D) nanomaterials. Mo-
lecular self-assembly, extensively used in biological systems, is ex-
tremely well suited for the production of extended 3-D structures with
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nanoscale periodicity, including porous and solid composite materials.
The self-assembly processes make use of fundamental interactions be-
tween the individual building blocks (atoms, molecules, and nanocrys-
tals) to self-organize ordered structures with periodicities many times
larger than the fundamental building block units themselves. Inorganic,
organic, and hybrid nanomaterials can be formed in this fashion. Figure
3 shows a 3-D ordered porous silica film that was polymerized from a
surfactant, oil. and water mixture. Materials made in this way are
unique in thai each pore is identical to the next, a property not generally
found in conventional porous structures.

At Sandia, we are employing self-assembled nanoporous silica
films to selectively capture and preconcentrate target chemicals for de-
tection and identification. Our /xCheml.ab device provides all the func-
tions of laboratory chemical analysis—sample pretreatment, chromato-
graphic separations, and detection—integrated into a hand-portable, bat-
tery operated device capable of parts-per-billion detection of target
chemical analytes in just 1 to 2 minutes. The ability to miniaturize
chemical analysis has immediate application for homeland security pur-
poses, and has the potential to provide many new applications for envi-
ronmental sensing and point-of-care health monitoring.

Sandia researchers are also exploring self-assembly strategies than
can be used to create nanoscale organic/inorganic hybrid materials. The
goal is to develop systems in which organic and inorganic constituents
can be mixed in a way that enables direct and simultaneous formation of
a fully formed hybrid nanocomposite structure. Nanoscale hybrids offer
the possibility to capture the best of both worlds; inorganic materials are
dimensionally stable and robust, while organic materials can reconfi-
gure to adapt and heal. A recent example is the self-assembly of mesos-
copically ordered chromatic polydi-acetylene/silica nanocomposites.
Polydiacetylenc (PDA) is a highly conjugated organic polymer that ex-
hibits electronic and optical properties suitable for applications rarfging
from light-emitting diodes to biomolecular sensors. Chemical and bio-
logical sensing in these polymers is achieved when target analyte bind-
ing causes subtle shifts in the organic back-bond structure, causing opti-
cal (color) changes in the polymer. Using specially developed diacety-
lene molecules with structure-directing functional groups, this research
team was able to synthesize PDA/silica nanocomposites that are optical-
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ly transparent and mechanically more robust than their fully organic
counterparts. Additionally, the PDA nanocomposite shows a reversible
chemical sensing behavior not seen in most organic materials.

Three-dimensional nanomaterials hold great potential for applica-
tions ranging from new drug delivery systems to lightweight structural
materials, to ultra-low dielectric constant coatings electronic applica-
tions.

Manufacturing

Successful nanoscale manufacturing requires the ability to con-
trol materials synthesis at the nanometer scale with sufficiently high re-
liability and yield to be cost effective. This challenge goes far beyond
what is needed for laboratory scale synthesis and proof-of-principle re-
search scale studies. If we do not meet this challenge, little hope can be
held for many of the promising applications for nanotechnology.

The current success for nanolayered materials is no accident.
Research and development on manufacturable approaches for nanolay-
ered materials has enjoyed a long period of investment and is now quite
highly evolved. For example, the quantum well lasers and solid-state
light sources are produced through molecular beam epitaxy or metal-
organic chemical-vapor deposition. Significant research and develop-
ment on these techniques has been ongoing since the early 1980s. This
investment has yielded very-well-defined models and understanding
that allow routine manufacturing control at the level of individual atom-
ic layers.

By comparison with nanolayered materials, our ability to control
the growth of nanocrystals is at a relative state of infancy. Techniques
using inverse micellar cages and metal-organic precipitation allow the
laboratory scientist to synthesize a wide range of metal, semiconductor,
and oxide nanocrystals. However, these techniques tend to work best as
batch operations that can produce only small quantities of material. The
control of nanocrystal size is very sensitive to reaction conditions that
can result in a distribution of particle size and in batch-to-batch varia-
tions. Relatively recently, groups have begun experimenting with conti-
nuous micTofluidic reactor approaches to grow nanocrystals; however,
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it is too early to determine whether this approach can olfer better control
and yield. Clearly, new tools that can be used to examine real-time for-
mation of nanocrystals. coupled with modeling and simulation, will be
required to develop the level of understanding and control needed to
commercially manufacture nanocrystals. While materials like carbon
black, which tire truly nanoscale, can be produced in high quantity, the
production processes do not providethe size control necessary to take
advantage of the unique chemical, optical, electronic, and magnetic
properties offered by nanocrystals.

Most experts would agree that self-assembly promises to be an
important tool for nanoscale. manufacturing; however. it too is in an
early stage of development. A few systems, such as nanoporous sili-
cates, under development since the early 1980s, have found their way
into commercial applications as specialized catalysts. More recently,
Sandia scientists and engineers have learned how to control the sell-
assembly in the silica system well enough to reproducibh fabricate and
pattern thin films with controlled, nanoporous structures. A key to
achieving manufacturing control over self-assembly is the development
of predictive models for self-assembly. While researchers are making
considerable progress in modeling self-assembly for liquid-crystal tem-
plated systems, such as the porous silicates, a great deal of work is yet to
be done to develop reliable models that can be used as engineering tools
to design a wide range of self-assembled materials with predictable
structure and properties.

A REVOLUTION IN PRODUCTION

We make nearly everything by tearing things apart. To make paper,
trees are planted, chopped down and sent through our mills. This is often
called a top-down method of production. But what if could work from the
bottom up? What if paper was constructed atom by atom, the smallest
building blocks of life and matter? It is thought that nanotechnology is the
way to do this. Nanotechnology is the science of creating objects on a level
smaller than 100 nanometres, a scale 50, 000 times smaller than a human
hair. The aim of nanotechnology is the bottom-up production of virtually
any material or object by assembling it one atom at a time.

Nanotechnology moved from idea to reality when tools such as the
Atomic Force Microscope (AFM) and the Scanning Microscope (STM)
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were developed by IBM in Zurich. These microscopes do more than just let
people see small things, they also allow atoms to be manipulated in a va-
cuum, liquid or gas. Individual atoms and molecules are probed by the
AFM to create three-dimensional images at the nanoscale level as the mi-
croscope is moved across the surface of an object. STMs can etch surfaces
and move individual particles. Even more advanced tools for nanoscale
growth and nanoparticle assembly are under development.

There are two ways to produce nanostructures: they can be grown or
assembled atom by atom. At present most nanotechnology applications be-
gin with the growth of basic nanostructures rather than the assembly of ma-
terials and objects one atom at a time. By bonding a molecule with a par-
ticle, or single atom, scientists are able to create objects such as fullerenes:
molecules of carbon atoms that when put together form tubular fibres,
called nanotubes. These nanostructures include nanotubes, nnanohexagons
and nanowires. Such nanostructures are used to create high-strength, low-
weight materials — when these fibres are threaded together and crystallized
they can act like metal, but are 100 timesstronger and four times lighter
than steel. Nanostructures can also form super small electronic circuits — it
IS hoped that these structures will be used in computing and reduce the size
of a computer to the size of a full stop. Other nanostructures are circular and
include nanoshells, nanospheres and nanocircles. Circular nanostructures
are used for energy wave reflection and can be found today in products like
sun cream and self-cleaning glass. So far, most of these nanostructures have
been relatively expensive to manufacture. However, production costs are
dropping with the invention of more efficient manufacturing methods and
nanomaterials are being used in a wider and wider range of products.

The field of nanotechnology has two major problems. The first is
learning how to successfully manipulate material at the molecular and
atomic level, using both chemical and mechanical tools. This is being de-
veloped by researchers and there are successes in the lab and practical ap-
plications. The second is to develop self-replicating nanomachines or nano-
bots. Nanobots are miniature robots that work on the scale of atoms and
molecules. One of the most anticipated uses of nanotechnology is the crea-
tion of medical nanobots, made up of a few molecules, destroy cancer cells
or construct nerve tissue atom by atom in order to end paralysis. Although
they are made and function on the scale of atoms and molecules, nanobots
will be able to work together to produce macroscale results. Precursor de-
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vices to nanobots have already been created, some can even walk. Howev-
er, true nanobots have yet been created.

To produce objects from the bottom up at the level of atoms will need
armies of advanced nanobots. There are classified into two types: assembly
nanobots and a special class of assembly nanobots: self-replicators. Ad-
vanced nanobots will be able to sense and adapt to the environment, per-
form complex calculations, move, communicate, and work together; con-
duct molecular assembly; and, to some extent, repair or even reproduce
themselves. Yet creating these nanobots is a slow and precise process due
to the microscopic size of these tiny machines. Therefore the key to this
technology becoming a reality is to make the nanobots replicate itself. It is
the discovery of how to create this process, as well as the maens to control
it, which is key to fulfilling the potential of nanotechnology.

Some environmentalists are concerned that nanobots may go wrong,
leading to unlimited selfreplication. If this takes place, nanobots may de-
stroy our ecosystem. While mankind must be careful to ensure that this
does not occur, there is also the possibility that nanobots could form the ul-
timate environmentally-friendly recycling system. Nanobots may one day
convert our mountains of trash and hazardous waste into useful products
and beneficial materials.
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